Conventional Steel Cylinders used for LPG cylinder for domestic applications are not manufactured in a single joint but are welded. While composite cylinders are manufactured in a single joint, Composite components cannot be welded like the steel cylinder. Composite Cylinders are winded using Filament Winding technique. Compared to Steel Cylinders, Composite Cylinders are costlier. As composite cylinders are safer than steel cylinder, composite Cylinders due to a rubber lining inside, they are 100% leak proof. If mass production of composite cylinders are done then the cost may get reduced. This paper summarizes the design and analysis of the manufacturing of Liquid petroleum gas (LPG) Cylinder using Glass Fibre Reinforced Plastic (GFRP) material. The stresses along all the directions of the ply sequence are also calculated using Classical Lamination Theory (CLT). The fibre stresses along all the directional angles were found to be under the required stress limits. The Metallic boss Calculation & angle variation at dome is the key parameter and is carried out and determined the tip radius.
Introduction
Liquefied petroleum gas (LPG) is a mixture of butane and propane gases stored under pressure, usually in steel cylinders. LPG is heavier than air, non-toxic and odorless. A smelling agent is added to aid users to detect leaks. LPG is a safe, economical and convenient fuel as it has high calorific value (13.8 kWh/kg, which is equivalent to 13.8 units of electricity), provides instantaneous heat, is easy to ignite and clean-burning and is very portable.LPG is stored and handled as a liquid when under pressure inside a LPGas container. When compressed moderately at normal temperature, it becomes liquid. When gas is withdrawn, the pressure drops and the liquid reverts to gas. This means that it can be transported and stored as liquid and burnt as gas. The expansion ratio of gas liquid is 270:1 at atmospheric pressure. It is expansion factor which makes LP-Gas more economical to transport and store large quantities of gaseous fuel in a small container. LPG appliances include: stoves/ovens, grills, heaters (portable and fixed), instantaneous water heaters, lamps (portable and fixed), refrigeration and welding plant, and Bunsen burners. Appliances are designed to operate both at an unregulated high pressure (e.g. CADAC (or similar) type of camping appliances) and at a lower pressure controlled by a regulator mounted on the gas storage cylinder. High pressure and low-pressure appliances are not interchangeable. Most households use gas appliances with a small dedicated gas cylinder, rather than a reticulated system of gas piping and fixed storage cylinders.
Many researchers have studied the analysis of LPG cylinder using composite materials using various commercial softwares available like Ansys [1] [2] [3] for the comparison of stress, strain and structure. It is shown that the stable angle of inclination of the fibers, where no strain-induced fiber rotations occur, deviates from the so-called "ideal" fiber angle predicted by netting analysis by an amount that depends on the matrix-to-reinforcement-stiffness ratio [4] . But any pressure vessel made up of composite material like GFRP should be analyzed for various parameters related to the manufacturing procedure of the cylinder unlike conventional steel cylinder [5] . When the initial angle of inclination of the fibers deviates from the stable angle, the application of strain produces fiber rotation and nonlinear stress-strain relations result.
Design Constraints
The design of the LPG Cylinder is to be carried out considering the condition that the deformation or displacement and stress distribution are radial when only internal pressure is acting. Further, Radial displacement should be zero at junction point holding surface to handling case. The radial displacement is the component of a change in position in the radial direction as shown in Fig. 1 . Composite cylinders are safer than steel cylinder. Composite Cylinders due to a rubber lining inside, they are 100% leak proof. If mass production of composite cylinders are done then the cost may get reduced.
Design Loads
Operating Pressure, Working Pressure and Design Pressure are the major important design loads to be considered. In principle the maximum values that are allowed for operating pressure must be less than that of the working pressure and that of working pressure should be greater than that of the design pressure. Factor of safety (FOS) is another important load parameter and mathematically FOS is the ratio of Ultimate(Yield) Stress to the Design Stress. Considering the factor of safety for the Composite Cylinder as 2.5, the operating pressure which is the product of Design Pressure and factor of safety can be calculated as 3.0 MPa assuming the operating pressure as 1.2 MPa.
Material Properties
The detailed material data is given in table 1. Longitudinal modulus, E1 44GPa 2.
Transverse modulus, E2 10GPa 3.
Shear modulus, G12 8GPa 4.
Poison"s ratio,v12 0.24 5.
Longitudinal tensile strength, T1 800MPa 6.
Transverse tensile strength, T2 18MPa
7.
Longitudinal compressive strength, C1 400MPa
8.
Transverse compressive strength, C2 85MPa 9.
In-plane shear strength, S12 44MPa 10.
Density 2100 kg/m 3 
11.
Fiber volume fraction, Vf 0.6
Classical Lamination Theory (CLT)
The material properties of the drive shaft were analyzed with Classical Lamination Theory (CLT). The variable of the laminate thickness has a big effect on the buckling strength and slight effect on bending natural frequency. From the properties of the composite materials, at given fiber angles, the reduced stiffness matrix can be constructed. The expressions of the reduced stiffness coefficients Q ij in terms of engineering constants are as follows: In composites the stresses will vary from layer to layer according to the fiber orientation. Here we are calculating stresses for both hoop and helical layer.
Metallic boss Calculation & angle variation at dome
We assume thickness of the cylinder to be 1mm at radius 150mm. For different values of R and α, the thickness values are calculated. We calculate the angle by substituting different values of R till we get an angle of α= 54.17 o . At that angle, the value of R is noted down and is substituted in the above formulae and thickness is calculated. At that particular R where α= 54.17 o we calculated the Tip Radius. It is found to be at R = 37 and therefore Tip radius is given by Tip Radius = R * 1.1 = 40.7 mm
Results and Conclusions
Considering E 1 = 44GPa, E 2 = 10GPa, G 12 = 8 GPa, υ 12 


MPa
The stresses at different value of angles in the respective directions are calculated and stresses are within limits. The analysis of LPG cylinder using GFRP composite material and its comparison with that of steel metallic material is carried out using classical lamination theory. The following conclusions have been drawn 1. The composite LPG cylinder designed is meeting the stipulated MEOP.
2. The new method proposed for analysis of filament wound composite cylinder is worked out to be efficient in accurately predicting the structural response. 3. The design stresses are within safe limits.
